METHODS
by the use of a mechano-electronic transducer (RCA 5734) or a strain gauge.
RESULTS
1) The effect ect o f oxytocin on the contraction of the uterine muscle.
In the later half stage of pregnancy, the spontaneous contraction of the surviving segment of uterine muscle was very irregular and weak, in the placental parts of of pitocin, produced a strong and tonic contraction which lasted more than ten minutes.
This tonic contraction of the muscle was tetanic and not simply due to an increase in its so-called tonus, as was clear from the recorded intracellular potentials, which consisted of a long series of spike discharges (FIG. 2) . The tonic activity was followed by strong contractions, each lasting about 40-90 sec. These regular contractions showed a tendency to last indefinitely in the presence of pitocin, though each contraction gradually diminished with time both in duration and intensity. The removal of pitocin left the contractions decreased in strength, duration and frequency, and irregularized in rhythm and developed tension at the same time.
Applied in a high concentration (0.1 INU/cc. or more), pitocin produced also a strong and long-lasting tension development on the muscle but without any electrical activity.
The tension development was very similar in character to that of contracture, because the phenomenon was fairly reversible.
Applied 2) Change in discharge frequency. In a smooth muscle there exists a proportional relationship between the discharge frequency and the developed tension (BULBRING, 1955; GOTO & WOODBURY, 1958) .
It was expected, therefore, that oxytocin would cause a marked increase in the discharge frequency of the uterine muscle, since strong contractions were recorded during the action of pitocin.
This was actually the case when pitocin was applied in a low concentration-in 0.005 INU/cc. or less. However, such was not the case when pitocin was applied in a higher dose to the muscle.
As will be seen in FIG. 3 , in which the maximum frequency of discharge is plotted against time, the frequency tended to decrease instead of increasing when pitocin was applied to the muscle in a concentration of 0.05 INU/ cc., and, contrarily, continued to increase for a time after the removal of pitocin from the bathing solution.
This interesting fact-the strong contraction without 'single' penetrated cell is involved when the frequency of discharge is determined by means of a microelectrode, whereas innumerable muscle cells in the strip are involved when the contraction is recorded as a mechanogram.
Accordingly, the fact that a group of cells rises as a whole in their active tension and each individual cell declines in the frequency of discharge, is inexplicable unless the cooperation and syntonization in activity of all those cells is assumed as occcurring. This assumption will be supported by the fact that the maximum frequency of discharge was not uniform for different cells and varied with each spontaneous contraction before the application of pitocin, but after the application the frequency becomes almost equal in all cells and also in every contraction, diminishing both standard deviation and error in statistical calculation (FIG. 3 and TABLE I ) . Another fact which may corroborate the assumption was that the spontaneous contractions of the muscle were irregular and low in frequency, short and variable in duration, before the treatment of the muscle with pitocin, while they were increased and regularized in both frequency and duration after the treatment. In short, pitocin seems to act on the smooth muscle cells of the uterus by strengthening their mutual and functional binding (1) to cause them to work unitedly and syntonically, and (2) to make each localized cellular activity spread all over the uterine muscle tissue.
3) The effect of pitocin on the intracellular potentials of the myometrium . As shown in FIG. 4 , pitocin decreased the resting membrane potential in a marked degree in a dose of 0.05 INU/cc., and reduced it more conspicuously in a large dose. Since the muscle was depolarized even when unfixed, an increase in its tension can not be a sole cause of its depolarization and yet pitocin seems to act directly on the membrane. THIERSCH, LANDA and WEST (1959) and GoTo and CSAPO (1958) have found in the rat and the rabbit respectively that the membrane potential of the myometrium increases towards the later middle period of pregnancy, but begins to decrease a few days before the expected day of delivery. A similar change in the membrane potential was also noticed in this experiment, though the details of the change were not examined. further activity of the muscle. Since the resting tension of the muscle was considerably recovered at this stage, this final decrease in the size of the membrane potentials can not be ascribed to the effect of the tension but may be accounted for on the assumption that the prolonged activity of the muscle resulted in a decrease in the concentration gradient of Na + and K+ ions between the inside and the outside of the cell membrane. 4) Effect of pitocin on the form of the action potential.
Since the shape of the intracellular action potential of visceral smooth muscles depends more or less on the various factors operating on it even in a normal condition (WOODBURY & MCINTYRE, 1956; WOODBURY & GOTO, 1960), it was almost impossible to elucidate the difference betdeen the standardtime-course of the action potential and the modulated one due to pitocin quantitatively. Qualitatively, however, the effect of pitocin on the action potential was its flattening and slowdown. The spikes were reduced in height and in rate of rise and fall and increased in duration. Thus, pitocin was similar to stretch or depolarization in its effect on the action potential and was likely to act in combination with one or both of the two factors. Anyhow, the decrease in height and in rate of rise and fall of the action potential will be mainly ascribable to the inactivation of Nat+-carrier as was presumed the case in the stretched or depolarized muscle (GOTO & WOODBURY, 1958) .
Another interesting fact observed was that every action potential appeared extremely uniform and consistent in shape and height under the effect of pitocin. The long-lasting rhythmical discharges may have been responsible for this phenomenon. However, the irregular-shaped spikes, including twin and triplet spikes, were usually produced after the removal of pitocin. In extreme cases, the excitation transmission potential (GOTO, TORIGOE & TOGO, 1959) and the spike appeared irregularly or far separated, and the potential change as a whole became very complicated. Therefore, the appearance of the uniform action potential under the effect of pitocin was attributable to the coordinated and syntonical activity of adjoining cells with fastened mutual and functional connection as was estimated from the change in the mechanogram and discharge frequency.
DISCUSSION
The effect of pitocin on the intracellular potentials and the mechanogram of the uterine smooth muscle was that pitocin strengthened the mutual and functional binding of the adjoining muscle cells and put them in a state of wellsynchronized or syntonized activity. This may explain the reason why the excitation transmission in the muscle is accelerated and the contraction spreads all over the muscle tissue under the effect of pitocin.
Recently, many investigators ascertained the common occurrence of the direct muscle-muscle transmission of excitation in various visceral smooth muscles (BOZLER, 1948; BULBRING, 1956 If this is the case, the mechanism of acceleration of the excitation transmission between the smooth muscle cells may be figured out electrophysiologically without much difficulty. The first possibility will be that the excitability of each muscle cell may be increased under the action of pitocin. The increase will be educed by a decrease in the membrane potential, in the threshold, or by the two factors combined. The second possibility will be, if the HODGKIN'S theory (1951) is applicable to the uterine smooth muscle, that pitocin may act on the Na-carrier itself so as to activate it. The third possibility is that there may exist some mechanism by which the muscle-muscle transmission itself is accelerated.
The data in this report were not sufficient to settle all the questions mentioned above, but opened up these possibilities to some extent. As mentioned in the third chapter, the membrane resting potential was found decreased by pitocin, and hence the first possibility is likely, though not decisively, to be the cases . On the other hand, my experiments seem to have rejected the second possible explanation, because the rate of rise and the size of the spike potential were decreased instead of being increased by pitocin at least in the high concentrations. However , since a drug often has opposite effects in a small and in a large dose, as is known in pharmacology, the effect of pitocin in much lower concentrations on the muscle must be examined in detail. The third possible explanation, that pitocin may act directly on the junctional region between each two smooth muscle cells to accelerate the excitation transmission, is most acceptable and deserves special attension. Since the excitation transmission potential often appears increased in size and duration by pitocin, the action of pitocin on the smooth muscle , just like that of eserine or prostigmine on the end-plate potential of a skeletal muscle , may possibly be estimated. Anyhow, as is well known in the case of synapse and end-plate, the intercellular functional binding will be strengthened more effectively by accelerating the excitation transmission mechanism than by raising the excitability of each individual cells. It is also more reasonable to suppose that the drug affects a cell more economically in a small limited part of it than in all its surface.
Since the conduction of impulses is liable to be blocked at an intercellular junction, the junctional regions may act as important barriers against a spreading excitation, and the safety-factor in the excitation transmission or conduction may appear exceedingly lower for the junctional region than for the muscle fiber itself (GOTO & WOODBURY, 1958; WOODBURY & GOTO, 1960; GOTO, TORIGOE & TOGO,  1959) .
Therefore, even if any of the three possibilities mentioned above is realizable, it is expected that the effect of each factor involved will be enlarged and most clear at the muscle-muscle junction. A slight change in the resting potential, for example, can exercise a great influence on the junction whether the excitation is transmitted or blocked. In this sense, particularly, special attension must be called to the character and role of the muscle-muscle junction in the physiological study of the visceral smooth muscle.
SUMMARY
1 ) The transmembrane potentials and the tension were recorded from strips of the rat uterus in the later middle period of pregnancy to elucidate the mechanism of action of oxytocin.
2) The spontaneous contraction of the uterine muscle was very irregular and weak in this period. Application of pitocin to the muscle, however, caused first a strong and tonic contraction and next a series of rhythmical contractions. The tonic contraction was accompanied not only with an increase in the muscle tonus but also with a long series of tetanic discharges.
3) The maximum frequency of discharge increased under the effect of pitocin given in a low concentration, but decreased in a high concentration despite a strong tension development. In the latter condition all penetrated cells discharged syntonically in regular rhythm, and pitocin seems to strengthen the mutual and functional connection between each two myometrial cells. 4) Pitocin caused a decrease in size of both resting and active membrane potentials. The decrease may be attributable partly to the tension development on the muscle, but partly to the direct action of pitocin on the membrane, because the membrane potentials decreased even in a muscle unfixed and kept isotonic. 5) The action potentials appeared rather flat in shape under the effect of pitocin, but the spikes became uniform both in height and shape. The action potentials recorded after the removal of pitocin were, on the other hand, very irregular in shape, height and rhythm, including a twin or a triplet spike occasionally between discharges. These facts also support the view that pitocin acts strongly on the muscle cells by strengthening their functional bindings.
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